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NOIffiNCLATURE 


n Number of fatigue cycles 

Half crack length before fatigue loading, rams 
a Fatigue half crack length, mms, 

p 

Range of stress, Kg/mra 

O 

Maximum Tensile stress, Kg/mnr 

Uriel JC 2 

rain tensile stress. Kg/rani 

p 

<j~ Q Applied stress, Kg/ram 

Maximum tensile load, Kg. 

iDclX 

^min Minimum tensile load, Kg. 

^raax Maximum stress intensity factor, Kg/mra^ ^/ram" 

p 

^min Minimum stress intensity, factor ( Kg/mm‘^ ) J mm 
AK Range of stress intensity factor ( Kg/mm^ ) ^/mm^ 
p Plastic zone size, rams, 

f Radius of curvature at the crack tip, mms, 

R Rate of external work 

V Rate of elastic energy 

T ■ Rate of kinetic energy 

Rate of crack closure energy 
o 

B • Rate of energy dissipation 

0 ^, 00 , 

^ „ Material constants 

m Index of power law 


da 

dn 


Crac k pro paga tion rate rams/ cycle 
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ABSTRACT 

±1 JI j 

An experimental investigation of fatigue-craok growth 
rate at low strain rate in aluminium and mild steel has been 
presented. Crack-propagation lav;s are established for these 
materials at lo'w strain-rate cycling under room temperature 
conditions. The tests were conducted in thin sheet - centre 
cracked specimens designed as per ASTM - S,T,P, 410 speci- 
fications. 

The difference betv/een the maximum and minimum stress 
intensity factors for a crack ( A K = ” ^min^ "been 

varied as the crack propagates under fatigue loading, Bor 
aluminium the was studied in the range to 23,t6' Kg/ 

ram y ram v/hereas i&.-. the case of mild steel the range was 
15.00 to 3 5 . 00 Kg/ ram? y"mm . 

It was found that the rate of fatigue-crack propagation 
is proportional to ( where m is a constant dependent 

on the range of Furthermore it was observed that the 

value of m altered at a particular value of 4-K, 

The crack toughness values for aluminium and mild steel 
are also reported. 


* * * 



CHAPTER I 


INTRODUCTION 

1.1 Metal PatiiSTJe. ; 

The phenomenon of the structural failure by oatastophic 
crack propagation at average stresses v/ell below the yield 
strength has been observed for many years. Recent developments 
of various new materials and the broadening range of their 
application particularly in defence, aerospace and cryogenic 
industries have given considerable emphasis on the problem 
of fatigue-fracture failures. 

Machine and structural members are often subjected to 
loads that do not remain constant but vary with time, These 
failures occurring under the condition of dynamic loading are 
called fatigue failures. The process of fatigue failure can 
be described in three different phases namely, the nucleation 
of the micro-cracks, propagation phase of the fatigue cracks 
and final fracture -failure of the material, However, the 
distinction between the first two phases is not very clear. 

The nucleation phase is primarily related to the micro-structure 
and surface conditions of the material while the term "fatigue 
crack propagation" is generally used for the growth of micro- 
cracks. If the machine component under the fatigue loading 
is rather bulky with no distinct stress raiser, the nucleation 
period of the fatigue crack would be very long, compared to 
the propagation period. In such cases, the techniques used 
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for the prediction of fatigue life are based on the studies 
leading to S-N-type curves. On the other hand, in structures 
with severe stress conoentrationa like notches, particularly 
in thin plates and shells, the formation of a dominant 
tnacrocrack takes place relatively early in the fatigue life, 
and, hence, in terras of the number of load cycles, the propa- 
gation phase constitutes the manor portion of the total life. 

As the material undergoes repeated cyclic stresses it 
becomes softer due to the process of work-softening at some 
strain concentrating features as a notch and alternating slip 
can occur in a few slip bands* This repetition of slip in the 
same region allows small increments of microcrack failures 
which might be insignificant in a single stress cycle, The 
slip bands produce slip steps on the free surface of the 
material which gradually become deep ridges and grooves, These 
grooves, grow into the material as "intrusions" along the 
slip bands and a few of the deep ones eventually develop as 
fatigue craok. Once a particular deep groove has formed, the 
strain or stress concentrating action of its tip helps It to 
grow and propagate deeply down its slip planes and ultimately 
cause the fatigue fracture, 

1.2 Oraok Initiation and its Propagation : 

The development and propagation of fatigue oraok 
takes place in 

Pirst stage, Illustrated in Mg, 1,1, is characterized 




cr~ 


Fig. -rj^^hematic: rep tvvd 

e r in G k ■ p r op gga t io p.i 
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by propagation of the crack on a plane oriented at approxi- 
mately 45° to the stress axis while the second stage propagated 
at 90 ° to the stress axis and the fracture surface is covered 
by striations running parallel to the crack propagation front* 

In high strain fatigue, failure takes place predomi- 
nantly by stage-II crack propagation since, the crack propa- 
gation rate in stage-II growth can .reach values of microns 
per cycle, the phenomena associated with the growth raeohaniera 
are fairly large and easy to observe. Direct observation 
of the changes occurring at crack tips under cyclic loads 
indicate that a crack propagates by plastic blunting of the 
crack tip during the tensile part of the fatigue cycle followed 
by resharpening of the crack in the compression part. This 
process of crack growth is called "Plastic Blunting Process" 
and is illustrated in Pig. 1,2, 

1.3 Crack Propagation Mechanism in Pulsating Tension : 

The present work is on the study of crack propagation 
rate under pulsating tensile loading. Resharpening of the 
crack in the compression part of the fatigue cycle is an 
essential component of the plastic blunting process. However, 
fracture surface striations are generally observed in ductile 
materials like aluminium broken in pulsating tension tests 
on sheet specimens. Any ductile metal subjected to pulsating 
tension test will work-harden rapidly to saturation hardness 
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even at stresses upto the ultimate tensile strength. The 
pulsating stress strain loop will, therefore, quickly attain 
equilibrium as shown in Fig. 1.3 and in this form will be a 
closed very narrow loop. .Any small degree of localized 
plastic deformation occurring at a crack tip will be reversed 
by the total elastic constraint of the specimen as the applied 
stress falls to zero. Even a small decrease of stress from 
the maximum applied tensile stress of the cycle will cause 
a local reversal of strain at a crack tip, an associated 
crack tip fold and, therefore, a fracture surface straition, 

1 . 4- Stage-II Crack Propagation in Thin Sheet Specimens ; 

Cracks propagating by stage-II mode in thin sheets 
frequently change their plane of propagation from one at 90 ° 
to the stress axis to another which is at 45° both to the stress 
axis and the plane of the sheet, This generally occurs when 
the crack is long and when the plastic zone at the crack tip 
is accordingly of large size. In this situation slip bands 
begin to operate at 45° to the plane of the sheet. The plastic 
blunting process thus becomes one of "slipping off" by plastic 
deformation in combination with the rounding off process. 
Striations formed, in such cases are not so well pronounced 
and in some cases are completely bbliterated by the rubbing 
together of the fracture surfaces. 




to pu Isating lensiori fa tigue. 


1,5 Prac ture s 


Fracture in solids is initiated by some flow or 
imperfection which causes the high elevation of stress in 
that region and at this high stress, the atomic bonds at the 
crack edge may be broken and the flow may grow into a sizeable 
fracture surface causing complete failure of the solid. Cracks 
of brittle fracture in solids may be regarded, as surfaces 
of discontinuity of the displacement vector u. On such a 
surface all three components Uje, Uy and of this vector may 
suffer discontinuities. Irwin (1957) observed that there are 
three independent kinematic movements of the upper and lower 
crack surfaces with respect to each other. IThese deformations 
are illustrated, in Fig, “1 ,4, 

Oase (i) Opening Mode ; 

It is characterized by the motions of the craok surfaces 
that tend to separate symmetrically with respect to the plane 
occupied. by the crack prior to deformation. 

Case (ii) Sliding Mode ? 

It conoe.rns local deformation in which the crack surfaces 
glide over one another in opposite directions but in the same 
plane:, 

Case^ (ili) Tearing Mode ; ^ 

It can be related to the warping aotion of non-circular 
cylinders under torsion in which the ma te rial jpo ihts , ihltialiy : 




Fig 14- Basic modes of crack extension 
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in the same plane, occupy different planes after deformation. 
Each of the three crack movements is associated with 
a stress field In the immediate vicinity of the crack edge. 

1 , 6 Ob.iective of the Present Work ; 

The present investigation is carried out to study the 
nature of the fatigue crack propagation at low strain rate 
cycling. This investigation examines the validity of fatigue 
crack propagation laws in Aluminium and Mild Steel at room 
temperature, The empirical relations governing fatigue crack 
propagation rate in these two materials is reported. 

The plane strain crack toughness of Alumintura and 
Mild Steel is also determined experimentally at room temperature 
conditions. 


* * * 



CHAPQ^R II 


•LIO^ERATUEE REVIEVf 

2.1 Theories of Crack Propagation s 

Crack propagation theories can he classified as 
follows ! 

1. Micro structural theories 

2. Macroscopic or continuum theories or Quantitative 
theories 

Micro structural theories are based on slip movements 
taking place in the slip hands and resulting in the formation 
of intrusions and extrusions. Main objective of these 
theories is to explain the mechanism of formation of fatigue 
cracks and their propagation. This has been briefly explained 
in Chapter I. 

Quantitative theories are based on the continucimmodels 
and are mostly seraierapiriGal in the sense that they contain 
constants which have to be determined experimentally. These 
are tv/o major categories of quantitative theories. 

■ 1-, Dynamic crack propagation theories 

. 2. Fatigue crack propagation theories 

Dynamic crack propagation theories are based on 
(i) the concept of modulus of cohesion proposed by Barenblatt( 1 ) 
and (ii) various forms of energy balance theory based essen- 
tially on the ideas proposed by Griffith (2), 
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The existing fatigue crack propagation theories deal, 
almost exclusively, V'/ith the propagation of fatigue cracks 
in thin plates under symmetric plane extensional loads and 
consider only the effects of mechanical conttnuti'invva3itd;hl®s,. 
The results are invariably expressed by a model of the form: 


da 

dn 


f(r, a, c) 


... ( 2 . 1 ) 


da 

dn 


where ^ is the crack growth rate, i;r represents the external 


loads (usually the range value of the cyclic stress), a is 
the half crack length and c is a material constant to be deter- 


mined experimentally. 


2.2 yarioUs Gontinuum Modfels; 

Deforest and Magnuson (3) studied the growth of fatigue 
cracks and their experiments indicated that fatigue studies 
were often not conclusive. It was the failure to distinguish 


between (i) the stresses and cycles that initiate cracks and 
(ii) the stresses and cycles that propagate the cracks to 
complete fracture. 


One of the earlier continuum models is due to Head (4) . 

He considered an infinite plate with a central crack of length 
2a, Sub;)ected to one-dimensional repeated loads with the range 
value -f' * Assuming rigid plastic work-hardening elements 

ahead of the craok tip, he arrived at the following relationship 

■ '-p ■■'.3 .a 5/2' ■ 

da _ . 1 . V ,.. (2.2) 


dn. 


( Fy -C-) P 


' 1/2 
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where is the yield stress, p is the plastic 

zone size, and is a constant depending upon the mechanical 
properties of the material to be determtnod experimentally, 
p was assumed to be constant during the propagation of the 
crack. 

Frost and Dugdalo (5) pointed out that plastic zone 

size p is not independent of the crack length and is pr^port- 
2 

lonal to X They concluded, on the basts of dimensional 

analysis, that crack growth rate da/dn is linearly dependent 
on the crack length and also observed from experimental data 
that da/dn is proportional to and hence proposed the 

following models 

in ^ ^ * . .(2.3) 

where C 2 is the characteristic parameter of the material, 

Liu (6), in 1961, also using dimensional and sriijnliDartu.t'y: 
analysis arrived at the conclusion that 

ft = I- ('X, ■■.■„) a ...(2.4) 

where is the mean stress, ' 

In 1963 , Liu ( 7 ) considered a hysterais dissipation 
model. He further analysed the problem and pointed out that 
the effect of mean stress on the crack propagation is not 
significant. He found out that Fl:bs proportional to C' 
and gave the fbllowlng expression; 
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da 2 

dn “■ °3 ^ 


...(2,5) 


McEvily and ILlg (8) argued that due to work-hardening 
under cyclic load the local stress ahead of the crack tip is 
raised to the fracture level which leads to the rupture and 
hence, the crack growth rate is a. function of the maximum 
stress around the crack tip i.e. 


da 

dn 


f ( 


i'r' ) 
' max 


,..( 2 . 6 ) 


By assuming the crack to he a flat elliptical hole, 


max 


may be expressed as 


' = h + 2 (a/v >« j Cr- 

max L ' ' • 


.. .(2.7) 


where 'f is the radius of curvature at the tip region 
of the crack, McEvily and Illg (9) analysed the experimental 
results on the aluminium - Copper alloys and established the 
following empirical relation 


da 

dn 


= log^^ (0.0051 


- 5.472 - - 

niQ-X { ,» 


34 


) 


■' raax-34 

...( 2 , 8 ) 

Hardraft and McEvilly (10) pointed out that equation (2.6) 
may be considered to be a function of K, the stress intensity 
factor ( O', J*a) , It is seen from equation (2,7) that 




as 


point was ind ependently observed by I’aris (11,12,13) 
The stress intensity factor is a parameter, representing both 
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geometry and the external loads, and is a true measure of 
the stress state around the crack tip. Hence, it is the 
most important factor effecting the crack growth rate. 

Similar continuum models have been developed by 
McBvily and Boettner (14), Schi^ve (15), Paris and Erdogan(l6), 
Rice (17) and Valluri (18), On the basis of broad range of 
data it was concluded that 

dn “ °4 ^ . . . U . y ; 

where the constant is a function of material 
properties and external load variations. • 

2,3 Plastio Reformation Ahead of a Fatigue Crack; 

McEvily has pointed out that the crack growth rate- 

would be proportional to the energy stored in the plastic zone. 

Assuming that the density of this energy around the crack tip can 

2 

be represented by K and the relevant volume of the plastic 
zone by that of a rectangular strip ©p ahead of the advancing 
crack one obtains 

|| 12.-^ ic^ ,,*(2.10) 

where e is constant and p is the plastic zone size, 

Eor small values of p it can be shown that p is proportional 
'2 

to K and hence equaLtion ( 2,10) reduces to equation (2.9). 

If p/a is not small, p is no longer proportional to 
and for this some new models have been developed by Rice (19) r 
Elecfc and Anderson (20) and Iilu and lino (21 ) , • The most 
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important is that of Rice who has given the expressions for 
the plastic zone and crack propagation rate, taking into 
account the plastic displacements of the discrete surface 
of tensile yielding per load cycle and the height of the 
rigid plastic elements in front of the crack, 

2,4 Effect of Energy Dissipation on Protigue Cracks ; 

If the dissipation zone ahead of the crack tip is 
small, the available energy to be used to overcome the 
dissipation around the crack tip can be obtained from; 

•*F»- ^ 

U ~ V T = E„ 
c 

v;here U, V and T are respectively the time rates of 
external v^ork, elastic energy and kinetic energy for a small 
region surrounding the crack tip and E^ is the rate of crack , 
olosure If h is the rate of dissipative energy. Then 

at constant velocity crack grov/th, is = D.. At a certain 
crack velocity if E_ is greater than S, the excess energy 
will he used to accelerate the crack. 

The crack will propagate in the direction of maximum 
E./i) ratio. Probably, it may explain the existence of the 
curved crack and cracks with irregular shapes. If D, the 
dissipation rate around the propagating crack, is an increasing 
function of velocity, I) may also depend upon the crack length, 

B- is a linear function in time and also an Increasing 

■ -0 . ' ' ' ■ 

function of velocity upto a certain velocity. Near the 
fracture velocity, it may be possible that a further increase 
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in the crack velocity v/ould cause steep Increase in I) and 
combined with other effects at the crack tip, the total 
dissipation 35 in a forked crack may give a greater 
ratio. In this case the crack wouldbranoh and propagation 

of each branch would, in turn, be governed by the respective 

... . ... < 

E^/D ratios in the resulting dynamic problem with the new 

geometry, 


* # * 



CHAPTER III 


EXPERD^IBHTAL WORK 

3. 1 Selection of the Materials ; 

The experiraetite have been carried out on aluminium 
and mild steel as these are the usual structural materials 
and extensively used in engineering design. These materials 
are ductile j mild steels show; a sharp knee in S-N curve 
while aluminium does not, The behaviour is depicted in 
Figure 3.1(a) and (b). Therefore in mild steel the endurance 
limit is sharply defined while in aluminium this limit is 
difficult to set as this material has distinct life at each 
fatigue stress level, Taking into account this basic difference 
aluminium and mild steel have been chosen for studying the 
fatigue crack propagation rates, 

5.2 Design of Specimens ? 

The designof test specimens for the study of crack 
propagation was based upon the recommendations of American 
Society - for testing materials as described in ASTM STP 410(22) 
and ASTM STP 381 (23), These specifications ■basically are meant 
for the determination of valid plane strain crack toughness' of 
any material. The dimensions of the specimen used are shown 
in Pigure 3.2. The mild steel and aluminium specimens were 
identical. The specimens were loaded in tension with tension- 
tensioh fluctuating cycle as shoV/n In Figure; 3. 3. 



stress 1000 ps I 
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5,3 Test Pixturefi 

The fixtures used ibr fatigue loading are shown in 
Figure 3,4 and plate 3,1, The fixtures made in mild steel 
were designed on the basis of infinite life. Three pins 
were used in top and bottom of the specimen respectively 
for getting most uniform distribution of load on the specimen. 
The pins were made in high carbon steel. The tests were 
performed in Instron Universal Instrument of 5000 kg capacity. 
The tests were carried out at low frequency as dictated by 
the machine characteristics. The frequencies were in the 
range of 5 oycles/min to 15 cycles/min depending upon the 
load. 


3,4 Experimental Procedure; 

One specimen was initially tested in simple tension 
and the breaking load for the specimen was determined for, 
each material. Also stress-strain diagrams of both the 
materials were obtained as shown in Figures 3,4 and 3,5. 

The” specimen before putting for the experimentation 
was polished according to the specifications of ASTM STF 410 (22), 
The starting maximum load for the specimen was set around 50?4 
of the breaking load and the minimum approximately l/6th of 
the maximum load in case of aluminium and 1 /3rd in case of 
mild steel,. 


The speclraeh v/as removed from the machine after each ' 
5000 cycles and the observation was made at the tip of the no tch 
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under the microscope with 100 or 200 magnification. The 
maximum load was increased in small steps till the crack 
became visible at the tip of the notch. As soon s.s the crack 
reached a length between 0,01 to 0,03 mms in the specimen, 
the maximum and minimum loads Vi/ere noted and the stress 
intensity factor K was calculated at maximum and minimum 
load, JXZ, the range of stress intensity factor was also 
determined. The specimen was again loaded and after fixed 
number of cycles, the crack length was measured and the maximum 
load was set to keep the value of /•;. K constant. The minimum 
load is usually determined by the specimen-fixture rigidity. 

The minimum load wasv^pi^jj. After taking 5 to 6 readings for 
this constant /iK, the loads were again adjusted for the 
other value of K and another set of readings were obtained. 
In this way several observations were made for c\ K, crack 
length and number of cycles. Rate of crack propagation was 
then calculated for each value of K and a plot was made 
between the rate of crack propagation and A sample 

calculation for A iC as well as crack propagation rate has been 
shown in Appendix II, The test-observations and results 
are tabulated in. lppendix III. 

Crack toughness, tensile test data and chemical analysis 
of both the materials ace incorporated in Appendix I. 

* * * 



CHAPTER IV 


DISCUSSION AND COHCLUSIOE 
Dlscusaion of Teat Resulta ; 

(a) different values of AK> the plots have been 
prepared for the half crack grov/th ’a* and nuraha? of load 
cycles 'hV as shovm in Figure 4.1(a) and (b). It is clear 
from these figures that at low values of iiK, the Increase 

in 'a' is very small and as vUC increases' the rate of increase 
of ’a' also increases. 

In case of aluminium, the AK was varied between 
the maximum value of 23.65 Kg/ram J ram to Bni® 5 Kg/ram ,J ram 
in 22 steps. The value of A,K remained con stant during each 
step and variation of ’a' v/ith 'h' at constant fxK. is shown 
in Figure 4.l(s)» From this figure it is clear that the 
curves become steep beyond K = 19 Kg/ram .1 ram while the 
slope of the curve at point ’A’ when K = 8,5 Kg/mra^ ./ ram 
is in the range of 0.8 x 10~^ rara/cycle. Below this value of 
AK no crack propagation v;as observed even for 10,000 cycles. 

In casoof mild steel also the curves become steeper 
as value of increases, but no sudden change in slope was 

observed at any value of A K in the region of aK for which 

the experiment was perforraed, ; 

(b) The law for the rate of fatigue-crack propagation in 

botli the metals, alumlniuin ana ralia steel, has been Investigatea 

In a partibular range of\D rat:: iow straln^^ r^ oycie.^ Ihe . 



uutxi ui 


F ig ^ ' (a) - VariGiion or crack length wi + h number cf cvclcs at 
various va ^jCS cf stress intensitv 1'*’ctors m A umif^ium 



)0 1300 lAOO 1500 ^ 1600 


ith maximttm 
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Fig.44(b)^^Voriation of crack length with number of cycles: 


at' VQ r rou s : va I u e s o f s t r ess intensity f a c t g r s i n M : 5 , 
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Tho TBngt) of K has beeii selected froci the consideration 
o.t practical application of these data and the limitations 
of Instron Instrument. 

The plots of crack growth rate (da/dn) vs range of 
stress intensity factor ( /IK) were made on log-log paper 
for both the mtrtala. These are shown in Figure 4.2(a) and 
4.2(b), It was found that for both the metals, the straight 

i • 

lines can bo fit.tod in log- log plots of (da/dn) va (/■•K), 

Furthermore, in aluminium , the range of ( A-. K) could be divided 

into two parts. In the region of low values of ( A it), the 

elope of straight .line is less while in the region of higher 

■ 

values bf ( /..vK) the straight line becomes steeper, The 
value of ( dt.K).at which both these lines intersect is of 
considerable importance as this is the point when the constants 
of the crack-grovrth laws change. 

2 

In case of aluminium this value of ( b. is 19 Kg/min 
jmm as is seen in Figure 4.2(a). In the lower region, K 
varies from 8.83 Kg/mtir ..fiTim to 19 Kg/mra mm and in the f ^ 

higher region from 19 i'.g/mm" ium to 23. 16 Kg/mm Jmm, The 
fatigue crack grov/th rate law can be expressed as follows; 

^ = 0 ( a.k)'" C4.1); : 

■dn ■ , , ■ 

The .values of constants C and ra are given i^ 
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TAlBIjE 4,1 



, j. • 1 . 1 

CONaiANTS C a:- 

id ._m for Aluminium ' 

,,1, , .ijiiV-.l 

Range of 
(Kg/ram^ .f 

/.X.K 

mm) 

■ C'm 

M"- ■ 

8.83 to 

19.00 

3.1 3 


19,00 to 

23.^16 

‘ 

4,66 ^ 



It oon bo euon from Figure 4.2(b) that (|p) vs ( K) 
plot for wild stool oan not bo divided into two distinct 
straight lines as in the oaso of aluminium. Although some 
earlier investigators (21) have tried to fit two straight 
lines in the case of mild steel in annealed condition r yet 
these two straight linos did not differ very much in slopes, 
From present results it oan be concluded that within the range 
of ( (f!i.K) for which the tests were performed, (da/dn) vs ( A K) 
oonatitutoa only one straight line, the constants of which are 
presented in Table 4.2, 


TABLE 4.2 

QOWBTAHCS 0 and m for Mild Steel 

Range of /a K C m 

(kg/tnm^ ^"mm) . 

15,00. to 35.00 9.52x10''® . 




Conclusions : 



Following conclusions linvG bcsn d 3 ?£iwn froni trlic ppsssntt 

study: 

(i) Crack-growth rate increases sharply for values 
beyond = 19»00 Kg/min J mm in the case of alumluiurn. 

(ii) libr mild steel, in the region of £s.K studied, a 
single power law can be fitted with sufficient accuracy. It 
was found that the value of index of power law is 3.96 for 
a 15 to 35 Kg/mm^,^rmm" , 

{iii) In case of aluminium, in the region of studied, 
similar power laws can be fitted with sufficient accuracy, 

The value of index of power law was found to be 3.13, in the 
region of A K 8,83 to 19 Kg/mra^_.rnim and 4.66 in the region 
ofA lC 19 to 23.16 Kg/mm^ JifnT 

(iv) The plane strain crack toughness of both aluminium 
and mild steel are also reported ab room temperature. 

Su gge a t in n a f 0 r Pu r the r Wo rk s 

Purthor work should be carried out to study the effect of 
i) the notch geometry on f at iguc-crack propagation rate 
ii) sub aero and elevated temperatures on crack-propagation 
rate . .. 

ill) prior stressirig or residual atresses on crack- 

propagation -rate .;v: : ' 

iv) pLastio zone siae^^a energy, dissipation on 

crack- propagation rate.- 



Crack propagation rate da/dn mm x 10 /cycle 



mean loads in Aluminium 
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APPENDIX II 


SAMPLE calculation 

Consider the observation 15th in Table I Appendix III« 

% 

Observed Values; 


Maximum Load 

max 

= 390 Kg 

Minimum Load 

= 50 Kg 

Width v; 

= 50 mra 

Thickness t 

= 3 mm 

Half fatigue crack 
length at 60, 250, 
cycles a^ 

= 1 , 453 mm 

Half fatigue crack 
length at 65,250 
cycles, ag 

= 1 .476 mm 

Half Notch depth a^ 

= 6.75 mm 


Calculations ; 

2 

Gross area of x-sectio,n = 50 x 3 = 1 50 mm 

Increase in crack length a = (1.476 -1.455) tnm 

= 0.023 mm 

Number of cycles for’ this 

increase in crack length = 65250 -60,250 

= 5000 cycles 

Patigue crack propagation 

Rate = mm/cycle 

= 0.046 X 10 ~^ mm/cycle 

Pat igue half crack length 
+ Half notch depth a = ag +9-^^ 

=1.476 + 6.75 =8.226 ram 

= 16.452 mm. 


or 


a 
2 a 



Calibration factor y = 


1.77 |l- 0.1 ( 2 |.) + (|a) 2 j 

1 . 77 / 1 - 0 . 1 ( 1 ^^.^) + 


^ 1.908 


Maximum stress intensity 

factor "Gross area ^ 


max 


= ,’8" 226 X 1.908 = 14.22 


Minimum stress intensity factor p 


^rain 


'iiiLn 

Gross area 


fa"' y 


= f|o '^8.226 X 1 .908 
= 1 , 82 ~^2 

Range of stress intensity factor, 

S-Yi ~ (14.22 - 1 .82) Kg/rara^ ...finra 
= 12,40 Kg/mm^ /mnT 


Crack Toughness for Aluminium 


K 


IC 


^yie ld 
Gross area 


la X y 


./s'. 287 X 1.915 


= 51 .AO •r.g/mm^ rXmrn 
Crack tou.ghness for Mild Steel p 


K 


IC 


^ield 


Gross area 


y 


= 2||0 ^ 17^23 56 X 1 .868 

= 108. 50 Kg/m 



ERROR ii!^^LY3I3 


There are ti.;o types of errors ; 

(1) Systematic Errors: Ktese ere the ara’rors inhsriterl in the 

instillment. 

(Sj) Random Errors: These errors depend upon the ].geEt count 

ofthe instxuniont and the human judgement 
in tald.ng the readings. 

Errors in Einear Mensureiuafnta 

(i) r Tea sure me nt of I^rtigue Half Crack Length, 


This measurement i/es done v.dth tie’ help of [Ilicon-KardnesS Tester 


vRiich con read a miniimiin of O.COOrmitri with magnificetion of 100 and e rainirnura of 
0 .OOOJiCnm with magnification of 200. Acsdnang that there is no systematic error 
in the maclan^, the parcentego of random error is - 0.235... ... .(4i-0,COO5/O.2’25)3clOO 

(ii) ifeasui'ement of Notch Deptii, bq 


A ndcx'osoope with a least count O.Olr/im was used to measure the 
length. Itis systematic error involved in the calibr-stion of microacops may be 
assumed to be zero whereas, the random error involved may be - 0.074. .,( .0l/l3 .5:::l00) 

(iii) Measurement of ’/idth,vj 


It icaa measured using a vernier calliper having least count of 
O.Olmra, So the random error involved rf«ay be ^ 0.02'ij ... 0.0l/507cl00) 

(iv) Measurement of TMclcnesSj t, of the specimen 

same versiier calliper was used for measuring thieknesc and 
the random error may be O.SSjri. .Q Q.Ol/3 ::100) 

Error In Keosuremsnt Of Loads 

Loads wore directly recorded on the recorder attatched to the 
Universal Inatx'on Instrument used in the experiment. Daring the experiraent loads 
were adjusted to match a line on the load scale . Tlius there was no random error 
involved. Systematic errar was adjusted to be aero by calibrating the load eeale* 



Br ror In Cov.ntin" llie Timber Of Load Cycle.? 


ha cJiitoEietic counter wa^ ucof] for the pijrpose. It is sasuaied that 
thei-e is no syetenictic eiror in the instrurannt . Ih I’an.dom error is present laecause 
of the automfitic counting system of the loadin'? cycles. 

EIlllOIl ISSTXildTBo 

(^* ) hrror in ilalf Crack Len.'?th,a 

Helf crack length a ~ F.i.tigiie half crack length oS helf notch depth 

Brror in a = Brror in Op iilrror' in hq 
=( + O.'Sh O.C74)xlOO 
= + 0.105 

(b) Error in Z 

2,= s/v; 

Error in Z - Error. in a -i- Error in v; 

= + 0.309 + 0.02 
= ■' 0.:if9 >i 

(c) Error in Calibration factor, y 

y = 1.77jl^0,l(nZ}^ (-Zj'J 

Error in y = ^’y/y =|^(-0.l/+'lE)/(l-0.£2r<-4E''')J dZ 

~ (-0.1 V 4.02 Z)x 2 dE neglecti.hg liigher powers of E 

= (-0.1 + 4.02 X 0.166) X 2 x 0.329 
— ^ 0.37a }3 

(cl’> Error in Etresa Intensity Factor %ir:/ lOr.-i n 
K = Pja y/ v;.t. 

Error in K =(}3rror in P + Error in w + Error in t js- 1/2 Error in a 
+ Error in y ) 3 : 100 

=(+ 0.00 + 0.02 + 0.33 + 0.1541^ 0,373 )5y 

= + 0.8775 *4 

(e) Error in A K 

A K= risax Kinin 

Error in Alv = Error in Ka«x Error in iCaiin 
. 'n':2;'xError iii lC 



lilrrt'or inAK ~ ^ 0.B775 >> 

= ^ 1 . 75 .'; ;; 

(ci) ijrx'or inAti/Mi 

Error in4^G,<^n - Error iaAa + Er’-or in An 

= 7i X Ei'ror in a •;• Error in &.n 
= + 0.618 0.00 
= + 0 . 618 

(e) Error in G 

Error in C is thn si-ras es error end is + 0.61B ;; 

(h) F.iTor In m 

ra is the slope of the cui'V-e ^aAn vsAK 
Ex’ror in m = + Error inEaAn + Error iu AK 

= + 0 .618 + 1 .755 
== + 7.Z7Z $ 
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Test Observations and Results (Contd. 
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